Although riparian forest and vegetation along the montane and submontane streams is relatively well studied across temperate Europe (Sburlino et al., 2012; Chytrý, 2013; Kalníková & Kudrnovsky, 2017) , the same cannot be said about Bosnia and Herzegovina (B&H). This type of vegetation in B&H was mentioned from Treskavica and Bjelašnica Mts. (Fukarek, 1957) , Vranica Mt. (Lakušić et al., 1979) , and Čemernica Mt. (Redžić et al., 1986) but without any relevés, while there was one published relevé from Neretva river valley . The only systematic study of this vegetation in B&H, up to date, was undertaken within the research of deciduous forests on Vranica Mt. (Barudanović, 2003; Barudanović & Redžić, 2006 ). This resulted in low level of knowledge of these communities in B&H in terms of their species composition, ecology, syntaxonomy, but also their conservation status.
The same can be stated for the Sutjeska National Park, the oldest and second largest national park in B&H (Stupar, 2011) . Although its flora and vegetation have been studied for a long time, not all habitats were equally investigated. Besides alpine and canyon non-forest habitats (Lakušić, 1968 (Lakušić, , 1970 Lakušić et al., 1969 Lakušić et al., , 1987a Lakušić et al., , 1987b , as well as forest habitats of virgin forest Perućica (Fukarek & Stefanović, 1958; Fukarek, 1969 Fukarek, , 1970 Fabijanić & Manuševa, 1984) , other plant communities remained fairly underinvestigated. This is particularly true for the vegetation of diverse tree and scrub formations along the fast flowing, gravel-bed watercourses. These habitats were reported for the first time by Fukarek (1969) but with very little detail provided. The only more detailed study of riparian forest communities in Sutjeska National Park, up to the present, was made by Fukarek (1970) bringing five relevés from Alnus glutinosa formations along the Perućica stream in the virgin forest Perućica.
Syntaxonomically, this vegetation belongs to two alliances of two different classes: a) alder-ash and oak riparian floodplain forests on nutrientrich alluvial soils in the nemoral zone of Europe (Alnion incanae Pawłowski et al. 1928 , Alno glutinosae-Populetea albae P. Fukarek et Fabijanić 1968) and b) willow scrub on the gravelly stream banks in the submontane to subalpine belts of the Alps, the Pyrenees and the Carpathians (Salicion eleagno-daphnoidis (Moor 1958) Grass 1993, Salicetea purpureae Moor 1958) (Mucina et al., 2016) . Albeit they are physiognomically and floristically different these communities are similar in a way that they thrive in the areas of constant periodic fluctuations of water level, with periods of flooding and periods of drought, and consequently disturbed and undeveloped soil (Ellenberg, 2009 ).
These communities have been under extensive human impact for a long time. They are especially sensitive to management measures which aim to change flood regime (hydroelectric power plants, stream regulations, gravel excavation etc.). That is why they are among the Europe's most endangered habitats (Kalníková & Kudrnovsky, 2017) . They are listed in the Annex I of Habitats Directive as priority habitat 91E0* -Alluvial forests with Alnus glutinosa and Fraxinus excelsior (Alno-Padion, Alnion incanae, Salicion albae) and habitat 3240 -Alpine rivers and their ligneous vegetation with Salix eleagnos along their banks (Council of the European Communities, 1992).
The objective of this paper was to classify riparian tree and scrub communities of the Sutjeska National Park, to characterize them by their species composition and ecology and to reveal ecological drivers of their floristic composition variation. This work also aims to start the process of settling these important plant communities into syntaxonomical scheme of national, regional and European level.
The field research was conducted inside Sutjeska National Park (Fig. 1 ) in southeastern Bosnia and Herzegovina over a four-year period (2014) (2015) (2016) (2017) . Established in 1962 by the border between Bosnia and Herzegovina and Montenegro, Sutjeska National Park, encompassing the area of 16 052 ha, is the oldest, and until recently the largest national park in Bosnia and Herzegovina (Stupar, 2011) . In terms biodiversity, this area is one of the most important parts of Bosnia and Herzegovina (Redžić et al., 2009; Redžić, 2012; Lubarda et al., 2014) .
We studied riparian tree and scrub vegetation along the watercourses of Sutjeska National Park, which included narrow streamside forests, gravel bar formations or woodland of wider floodplains, dominated by Alnus glutinosa and/or Salix eleagnos.
Study included streams Sutjeska, Hrčavka, Jabučica and Izgorka. All of these watercourses belong to the Sutjeska river watershed which drains to the Drina river (Zubčević, 1969) . They are gravel-bed, fast flowing and impetuous streams whose narrow steep valleys often transform into canyons, while gentle slope or flat flood plains are rare and small (Bušatlija, 1969) . They cut their beds through a variety of bedrocks including flysch, limestone and dolomites, schists and shales (Trubelja & Miladinović, 1969) . The elevation ranges between 530 and 1000 m. These streams are prone to frequent and often dramatic changes of water level; e.g., for the Sutjeska river minimum low water is 20 cm, maximum high water is 370 cm, while the mean annual water is 80 cm (Zubčević, 1969) .
Vegetation sampling was performed using the Central European phytosociological method (Braun-Blanquet, 1964) . Relevés were made only in typical stands with closed canopy, while all structurally degraded stands, mosaics and transitional communities were not taken into account. A total of 42 relevés was compiled in the Turboveg database (Hennekens & Schaminée, 2001 ) and exported to JUICE 7 software (Tichý, 2002) for further analysis. Although during the sampling vertical structure was recorded in seven vegetation layers, for the means of numerical analysis it was reduced to four layers: tree layer (A), higher shrub layer (B1), lower shrub layer (B2) and herb layer (C). Mosses were discarded due to inconsistent sampling. Taxonomy and nomenclature followed The Plant List (The Plant List. Version 1.1, 2013). Taxa from taxonomically critical groups (Chamaecytisus hirsutus, Hieracium bifidum, Lamium glaeobdolon, Leucanthemum vulgare and Taraxacum officinale) were combined into aggregates (agg.). Three relevés from Izgorka stream were made outside, but in close vicinity of National park ( Figure 1 ).
Hierarchical classification of the data set was done using Modified TWINSPAN algorithm (Roleček et al., 2009 ) with three pseudospecies cut levels (0%, 5%, 25%) and Whittaker's beta-diversity as a measure of cluster heterogeneity. We subjectively accepted the classification level of five clusters as being most ecologically interpretable. Floristic differences among clusters were revealed by calculating their diagnostic species on the basis of species frequency. Only species with frequency above 50% in particular cluster were considered diagnostic if they fulfill additional criterion that the difference in species frequency between the particular cluster and other clusters is more than 40% (Hrivnák et al., 2013) .
Species ecological indicator values (EIVs) for light, temperature, moisture, soil reaction and nutrients (Pignatti et al., 2005) were used to show ecological relationships among the relevés and to explain environmental gradients underlying the main ordination axes. Unweighted average EIVs were plotted onto DCA (detrended correspondence analysis) ordination diagram in CANOCO 4.5 software (ter Braak & Šmilauer, 2002) . Square root transformed cover data were used as the input data.
Classification and ordination of relevés / Klasifikacija i ordinacija snimaka
Numerical classification led to delimitation of five ecologically interpretable groups of relevés ( Figure 2 ). They are characterized by distinctive floristic composition with clearly defined lists of diagnostic species (Table 1; (Dakskobler & Rozman, 2013) , but since community is rare in the study area, it was recorded in only three localities, which is not enough to be more conclusive about its syntaxonomy. Group 2 is represented by forest stands developed on finer deposits of low banks which are inundated for a longer periods of time ( Figure  4 ). They are found in hillside depressions or rills and springs along the riverbed, which keeps these stands wet even during the driest period. However, it should be stressed that microrelief of these stands is a mosaic of depressions and little hummocks, resulting in uneven distribution of soil moisture. This is why these nitrophilous communities are a mixture of mesophilous and hygrophilous species: Group 3 includes narrow strips of black alder along the river banks, with fully closed canopy which hampers the sidelight penetration ( Figure  5 ). Their floristic composition is very homogeneous with lots of mesophilous species of neighboring beech forests. These rather mesophilous communities are shortly flooded only during the highest water levels, while the amount of the new sediment deposited is reduced. Group 4 includes streamside black alder forests developed along the banks of wider streams, which enables the penetration of more sidelight, thus enabling the growth of a number of light loving species, especially tall herbs ( Figure  6 ). Unlike previous, these forests are developed on more or less steep river banks where ravine and scree forest communities quickly take over on steep and rocky colluvial soil. That is why this community is floristically related to the alliance Fraxino excelsioris-Acerion pseudoplatani P. Fukarek 1969. In the study area this community is typically developed only along the Sutjeska river, while, outside of the national park, it is common along other bigger watercourses in the upper part of the Drina river catchment (Tara, Piva and Drina; unpublished data Group 5 is represented by closed canopy thermo-mesophilous scrub of Salix elaeagnos and Ostrya carpinifolia developed over gravel bars which can be several meters deep and sometimes quite away from the river bed ( Figure 7 ). They are flooded only during the highest and strongest spates, but as Salix elaeagnos is able to anchor itself in the gravel with strong tap roots it keeps the deposits on place and enables the less resistant elements to colonize the soil. These gravel bars are at least one meter higher then middle summer water which causes dry periods, but bitter willow can withstand this dry periods by following the retreating water with its roots which branch out horizontally (Ellenberg, 2009 
General overview / Zaključna razmatranja
When compared to similar communities in B&H and Europe, the vegetation of riparian forests and scrub of the Sutjeska National Park shows some peculiarities. First, it is striking that Alnus incana, species otherwise common along gravel-bed streams in the montane belt of surrounding areas (Fukarek, 1957; Lakušić et al., 1978; Barudanović, 2003; Šilić, 2005) , does not occur in study area. This was already pointed out by Fukarek (1970) (Fukarek, 1970) . If we consider also groups 3 and 4, we can conclude that systematic research of this type of vegetation is very much needed in B&H in order to resolve syntaxonomical issues. According to Vukelić (2012) , lack of systematic study of these forests is also the problem in Croatia. Similarly, syntaxonomy is unresolved in Serbia too, since various types of streamside black alder forests are all known under the name Aegopodio podagrariae-Alnetum glutinosae Karp. et Toth 1961 (Alnetum glutinosae fluviatile B. Jov. (1953 1985) (Jovanović, 1997) .
There is also a problem in a higher level of syntaxonomy of streamside black alder forests (groups 3 and 4). While group 3 most probably belongs to Alnion incanae being very similar to Stellario nemorum-Alnetum glutinosae, group 4 shows floristic composition of ravine and scree forests of Fraxino-Acerion.
Although Salix eleagnos scrub is known to exist along upper and middle reaches of many mountain streams in Dinarides (Milanović et al., 2015) , they were never systematically investigated. Up to date, there is only one published relevé of this scrub in B&H ).
This association was described from Neretva river valley (Diva Grabovica) as Petterio-Salicetum eleagni Redžić et al. 1992 . Although this relevé shows pronounced thermophilous character, it still differs from our group 5 in some elements, but most notably in the lack of Ostrya carpinifolia.
Scrub of Salix eleagnos was also described from Perućica stream by Fukarek (1969) Special attention needs to be payed to heterogeneous forests of group 2, since there seems to be a problem in syntaxonomy of these mosaicked swampy/mesophilous woodland habitats also in Serbia (Jovanović, 1997) .
At the end, it should also be mentioned that rare and endangered Adenophora lilifolia, a plant species listed on Annex II of EU Habitats Directive (Council of the European Communities, 1992) is diagnostic species for group 4. This species' distribution in B&H is not quite clear yet but, this locality, along with several others discovered recently (Redžić & Šoljan, 1988; Milanović & Stevanović, 2009; Ballian & Šarić, 2015) , suggests that it could be more common in B&H than thought before.
